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What Is Claimed Is: 



A 



An operati >nal amplifier output stage, comprising: 
^ a pre-driv( ir sub-stage and a final sub-stage, 

the pre-dri ver sub-stage having a pluraUty of transistors being biased 
by a plurality of current s Durces, the pre-driver sub-stage being adapted to accept a 
current signal (5Iin) firom an input gm cell; 

the pre-driver stajp being fiirther adapted to provide biasing to a plurality of 
transistors in the final suoj-stage; and 

the pre-driver sub-stage being coupled to the final sub-stage so as to provide 
current gain firom input to output of 5Io « Pn* Pp* 5Iin . 

^2. The operational jfftjpli&Qr output stage recited in Claim 1, fiuther 
comprising localized^^^iceirfircuitry enclosed in the output stage operable to 
correct signal^frors more rapidly than an overall amplifier feedback loop, 
v/ 3. The operational ampUfier output stage recited in Claim 1, fiirther 
comprising localised feedback circuitry and inherent RHPZ cancellation operable to 
extend bandwidth.) 

^ 4. The (^erational amplifier output stage recited in Claim 1 , wherein the 
plurality of transistor! in the final sub-stage comprises 4 transistors arranged as a 
complementary pair omifferential transistors. 
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r 



The operational amplifier output stage recited in ^laim 1 for use in an 



O 



a! 
o 
y 
o 



integrated circuit. 

^ 6. The operational amplifier output stage recited jh Claim 1 for use in a 
DSL driver. 

^ 7. The operational amplifier output stage recited in Claim 1 , wherein the 
10 pre-driver sub-stage comprises two circuits, the first OTe-driver sub-stage circuit 
being adapted to condition a positive portion of an inmitted signal for transfer to a 
first fmal sub-stage circuit of the final sub-stage, and the second pre-driver sub-stage 
circuit being adapted to condition a negative portionrof an inputted signal for transfer 
to a second final sub-stage circuit of the final sub/stage; 
15 the first pre-driver sub-stage circuit being coupled to the first final 

sub-stage circuit operable to amplify the positive portion of a signal in tandem; and 
the second pre-driver sub-stage circuit being coupled to the second 
final sub-stage circuit operable to amplify the negative portion of a signal in tandem. 
^ 8. The operational amplifier output stage recited in Claim 7, wherein the 
20 first final sub-stage circuit and the second final sub-stage circuit are interconnected at 
an output terminal node such that the conditioned and amplified positive portion of 
the signal and the conditioned and ammified negative portion of the signal are joined 
in phase with minimal crossover distortion the output signal (5Io) having the form 5Io 

« Pn* Pp* 6lin . 



25 
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^"■^^^^N^ 9. An operational amplifier output stage, comprising: 

a pre-driver sub-stage having a plurality of/ transistors configured as 
translinear loops such that there is minimal net signal l(jss or signal attenuation in the 
pre-driver sub-stage; 

a final sub-stage coupled to, and biased by cirrrents from, the pre-driver sub- 
stage, operable to provide minimal cross-over distortion; and 

a locaUzed feedback circuitry and inherent^HPZ in the output stage operable 
to extend bandwidth. 

1 ON An operational amphfier output stage, comprising: 
a first voltage supply rail Vcc connected/ to a first node; 



two connection terminals to an input s 



;age, a first terminal connected to a 



second node for receiving a positive portion of an input signal and a second terminal 
connected to a sixth node for receiving a negative portion of an input signal; 

a first pre-driver sub-stage circuit coupled at the second node, the first pre- 
driver sub-stage circuit fiuther comprising: 

a first transistor having its emitter coudled to the fu-st voltage supply rail Vcc 
at the first node, and its base coupled at the se cond node; 

a second transistor having its emitter coupled to the second node and its base 
coupled to a third node; 

a third transistor having its base and collector coupled to the third node; 
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a fourth transistor having its collector and base being coupl^ to a fourth 
node, and its emitter coupled to the first voltage supply rail Vcc at the first node; 

a second voltage supply rail Vce coupled to a fifth node; 

a second pre-driver sub-stage circuit coupled to the sixth'node, the second 
pre-driver sub-stage circuit further comprising: 

a fifth transistor having its emitter coupled to the second voUage supply rail 
Vee at the fifth node, and its base coupled to the sixth nodd 

a sixth transistor having its emitter coupled ta the sixth node, its base 
coupled to a seventh node, and its collector coupled tp the second node; 

a seventh transistor having its base and collector coupled to a seventh node; 
and its emitter coupled to an eighth node; 

an eighth transistor having its collector and base being coupled to the eighth 
node, and its emitter coupled to the second voltage supply rail Vee at the fifth node; 

a cross connection between the second transistor's collector and the sixth 
transistor's emitter at the sixth node, and the second transistor's emitter and the sixth 
transistor's collector at the second nbue, the cross connection resulting in a 
proportion of any error current flowingnnto the second transistor's emitter and sixth 
transistor's emitter to flow out througn the second transistor's collector and the sixth 
transistor's collector into the base^of the first transistor and the base of the fifth 
transistor; 
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5 a first current source coupled between the first volta^p supply rail Vcc at the 

first node and the second node; 

a second current source coupled between the first^oltage supply rail Vcc at 
the first node and the seventh node; 

a third current source coupled between the second voltage supply rail Vee at 
10 the fifth node and at the third node; 

a fourth current source coupled between the-second voltage supply rail Vee at 
the fifth node and the sixth node; 

a final sub-stage, comprising: 
a first final sub-stage circuit fiirther cc/nditioning the positive portion of the 
15 current signal provided by the first pre-dri>^r sub-stage circuit, the first final sub- 
stage circuit comprising: 

a ninth transistor having its emitt|/r coupled to the first transistor's collector at 
a ninth node, and its base and coUectoy coupled to a tenth node; 

a tenth transistor having its b^e coupled to the ninth node, and its collector 
20 coupled to the first voltage supply fee rail at the first node; 

a second final sub-stage circuit fiirther conditioning the negative portion of 
the current signal, provided by /he second pre-driver sub-stage circxiit, the second 
final sub-stage circuit compriiing: 
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an eleventh transistor having its emitter coupled to th^fifth transistor's 
collector at an eleventh node, its base and collector coupled to t^e ninth transistor's 
base and collector at the tenth node; 

a twelfth transistor having its base coupled to theyeleventh node, and its 
collector coupled to the second voltage supply rail Vee at the fifth node; 

a twelfth node interconnecting the tenth transistor/s emitter with the twelfth 
transistor's emitter; and 

an output terminal coupled to the twelfth nodej 

1 1 . The operational amplifier output stage p:ited in Claim 1 0 wherein the 
first, second, third, fourth, ninth and twelfth transistors are pnp transistors and the 
fifth, sixth, seventh, eight, tenth and eleventh tran/istors are npn transistors. 

12. The operational ampUfier output smge recited in Claim 1 0, including a 
localized feedback circuitry enclosed within the^operational amplifier output stage. 

13. The operational ampHfier output stage recited in Claim 12, wherein 
the localized feedback circuitry utilizes cui^ent feedback principles operable to 
substantially eliminate cross-over distortior 

14. The operational output stage recited in Claim 12, wherein the 
localized feedback system utiUzes voltagp feedback principles, operable to provide 
unity gain. 

15^ An operational amplifief output stage, comprising: 
a first voltage supply rail Vcc connected to a first node; 



JW 102521.00203 (TI-32968 Part II) 
3032639v5 



42 



Pateni^^lication 

Atty. Docket Number: TI-32968 



two connection terminals to an input stage, a first terminal^onnected to a 
second node for receiving a positive portion of a current signal and^a second terminal 
connected to a sixth node for receiving a negative portion of a current input signal; 

a first pre-driver sub-stage circuit coupled at the secopd node, the first pre- 
driver sub-stage circuit fiirther comprising: 

a first transistor having its emitter coupled to the &st voltage supply rail Vcc 
at the first node, and its base coupled at the second node; 

a second transistor having its emitter coupled to the second node and its base 
coupled to a third node; 

a third transistor having its base and collector coupled to the third node; 

a fourth transistor having its collector am base being coupled to a fourth 
node, and its emitter coupled to the first voltage supply rail Vcc at the first node; 

a second voltage supply rail Vee coup/ed to a fifth node; 

a second pre-driver sub-stage circui/coupled to the sixth node, the second 
pre-driver sub-stage circuit fiirther compr^ing: 

a fifth transistor having its emitter coupled to the second voltage supply rail 
Vee at the fifth node, and its base coupled to the sixth node; 

a sixth transistor having its ^mitter coupled to the sixth node, its base 
coupled to a seventh node, and its collector coupled to the second node; 

a seventh transistor having /ts base and collector coupled to a seventh node; 
and its emitter coupled to an eigmh node; 
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an eighth transistor having its collector and base being coumed to the eighth 
node, and its emitter coupled to the second voltage supply rail v/e at the fifth node; 

a cross connection between the second transistor's collector and the sixth 
transistor's emitter at the sixth node, and the second transistors emitter and the sixth 
transistor's collector at the second node, the cross ^nnection resulting in a 
proportion of any error current flowing into the second transistor's emitter and sixth 
transistor's emitter to flow out through the second transistor's collector and the sixth 
transistor's collector into the base of the first transistor and the base of the fifth 
transistor; 

a first current source coupled between ^e first voltage supply rail Vcc at the 
first node and the second node; 

a second current source coupled bejAveen the first voltage supply rail Vcc at 
the first node and the seventh node; 

a third current source coupled b/tween the second voltage supply rail Vee at 
the fifth node and at the third node; 

a fourth current source coupl/d between the second voltage supply rail Vee at 
the fifth node and the sixth node; 

a final sub-stage, compri^ng: 

a first final sub-stage circuit further conditioning the positive portion of the 
current signal provided by thf first pre-driver sub-stage circuit, the first final sub- 
stage circuit comprising: 
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a ninth transistor having its emitter coupled to the first transistor s collector at 
a ninth node, and its base coupled to a tenth node and its collector/coupled to the 
second voltage supply rail Vee at the fifth node; / 

a tenth transistor having its base coupled to the ninth node, and its collector 
coupled to the first voltage supply Vcc rail at the first node; / 

a second final sub-stage circuit further conditioning the negative portion of 
the current signal, provided by the second pre-driver sujp-stage circuit, the second 
final sub-stage circuit comprising: / 

an eleventh transistor having its emitter coupled to the fifth transistor's 
collector at an eleventh node, its base coupled toAhe ninth transistor's base and 
collector at the tenth node and its collector coupled'to the first voltage supply rail Vcc 
at the first node; / 

a twelfth transistor having its base coupled to the eleventh node, and its 
collector coupled to the second voltage supply rail Vee at the fifth node; 



a twelfth node interconnecting the tenth transistor's emitter with the twelfth 
transistor's emitter; and / 

an output terminal coupled to the/twelfth node. \ 

16. The operational amplifie|output stage recited in Claim 1 5, including a 
localized feedback circuitry enclosed within the operational amplifier output stage. 

17. The operational amplifier output stage recited in Claim 16, wherein 
the localized feedback circuitry utilizes current feedback principles. 
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18. The operational amplifier output stage in Claim 16, wherein the 
localized feedback circuitry utilizes voUage feedback principles. / 

19. The operational amplifier output stage recited iiyClaim 15, wherein 
the first, second, third, fourth, ninth and twelfth transistors are pnp transistors, and 
the fifth, sixth, seventh, eighth, tenth and eleventh transistors are npn transistors. 

>/ \ei. A method of amplifying a signal, comprismg the steps of: 

biasing a plurality of transistors in a pre^driver sub-stage; 

biasing a pluraUty of transistors in a nnal sub-stage; 

routing the positive cycle of the signal through a first, biased pre- 
driver sub-stage cirr 5^ 

routing the negative cycle of th^ signal through a second, biased pre- 
driver sub-stage circuit; 

amplifying the positive cyjfle of the signal in the first, biased pre- 
driver sub-stage circuit; 

amplifying the negative/^ycle of the signal in the second, biased pre- 
driver sub-stage circuit; 

routing the amplifie^positive cycle of the signal to a first, biased final 
sub-stage circuit; 

routing the ampljfied negative cycle of the signal to a second, biased 
final sub-stage circuit; 
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further amplifying the positive cycle of the signal in a first, biased 
final sub-stage circuit in tandem with the pre-driver sub-stagyiamplification action; 

further amplifying the negative cycle of the signal in a second, final 
sub-stage circuit in tandem with the pre-driver sub-stage amplification action; 

/ 

employing a plurality of translinear loopson the pre-driver sub-stage 
circuits and final sub-stage circuits so as to preserve ffie amplitude, frequency and 
phase characteristics of the signals during routing and amplification; and 

joining in phase the amplified portions of the positive and negative 
signal at an output stage terminal in a manner that results in high linearity and low 
distortion of an output signal when compared to the input signal 

2 1 . The method of amplifjpg a signal recited in Claim 20, further 
comprising the step of feeding back a portipn of the signal in a localized feedback 
system to^extend bandwidth. 

^\22. A method of amplifying signals in an operational ampUfier 
output stage, comprising the steps of: 

generating bias currents in a me-driver sub-stage and a final sub-stage; 
inputting the signals into thOT)re-driver sub-stage and a final sub-stage; 
amplifying the signals in t^dem in the pre-driver sub-stage and final sub- 
stage; 
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employing a plurality of translinear loops in the pre-dri^er sub-stage and final 
sub-stage such that there is minimal signal loss in the pre-<^ver sub-stage and the 
final sub-stage; and 

using localized feedback principles so as to aclueve high linearity and low 
distortion of an output signal when compared to the input signal. 
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